both the lateral and medial orbital walls, the entire frontonasoorbital bar can be removed after a bifrontal craniotomy has been performed ( Fig. 1) . The lateral retraction of both globes ( Fig. 2A) , which is facilitated by the osteotomies, provides the widest possible exposure of midline and paramedian skull base structures and enhances the exposure of the maxillary sinus through a midline craniofacial procedure, which evolved from the transbasal approach. Hence, this modification is called the radical transbasal approach.
Clinical Material and Methods
Twenty-eight patients were included in a previous report of our overall experience with craniofacial and transfacial approaches to midline skull base lesions. 13 In the current report we describe our entire experience with the radical transbasal approach. Between 1992 and 2002, 41 patients (28 male and 13 female patients) ranging in age from 7 to 77 years (mean age 38.3 years) underwent a total of 44 radical transbasal approaches for a variety of midline skull base lesions with or without an intradural extension ( Table 1) . The patients' charts were reviewed retrospectively. Office visit notes or phone calls to patients or their primary physicians were used to obtain follow-up information. All lesions were resected by a team consisting of neurosurgeons (R.F.S. and R.W.P.) and craniofacial surgeons (S.P.B., S.C.L., and E.F.J.). Preoperatively, the patients' KPS scores ranged from 50 to 90 (mean score 85).
Surgical Technique
This procedure is described in detail elsewhere 2,3 but we provide a summary. The patient is placed supine with the head in the neutral position and secured in three-point fixation. The skull pins are located posterior to the bicoronal incision site. A bicoronal scalp incision is made 13 to 15 cm from the orbital rim. The pericranium is left intact and elevated separately for later skull base and dural reconstruction.
A bicoronal craniotomy is performed in a standard fash-
Artist's drawings showing additional steps. A: During a radical transbasal approach, the lateral retraction of the globe is facilitated by sectioning the lateral orbital wall and the supraorbital bar. Retraction pressure on the globe is thereby diminished. B: If the lateral orbital wall is left in place, as it is in other variants of the transbasal approach, the pressure exerted on the globe during retraction increases the risk of visual complications.
FIG. 1.
Artist's rendition of the procedure. The osteotomy cuts (dashed lines) for a radical transbasal approach are outlined in frontal (A) and side (B) views of the skull. After a bifrontal craniostomy has been completed, the frontonasoorbital bar is temporarily removed (C). The bar is mobilized by sectioning the lateral and medial orbital walls, the orbital roof, and the entire nasal bone.
ion by creating burr holes over both pterional regions and on each side of the superior sagittal sinus. Osteotomy of the frontonasoorbital block, including the orbital rim, lateral and medial orbital walls, orbital roofs, and nasal bone, is performed with the aid of a reciprocating saw and osteotomes ( Fig. 1A and B) .
The reciprocating saw is inserted within the orbit. The cut begins at the infraorbital fissure and proceeds outward toward the temporal fossa, parallel to the orbital roof. Next, the saw is placed into the infraorbital fissure from the temporal fossa, and a cut is made at a 90˚ angle to the frontal fossa. The middle fossa should not be violated. From intracranially, this cut is continued across the frontal fossa to the posterior margin of the cribriform plate. The saw is turned 90˚ anteriorly to cut along the lateral margin of this plate. The saw is turned another 90˚ to cut along the anterior margin of this plate. The contralateral cut is made in the same fashion.
To incorporate the nasal bone and medial orbital walls within the frontonasoorbital bar, the saw is inserted within the piriform aperture. Cutting proceeds upward from the piriform aperture and crosses the upper portion of the lacrimal fossa to end at the level of the anterior ethmoidal artery. The artery must be cauterized and cut before the osteotomy begins. Furthermore, the lacrimal gland must be elevated from the lacrimal fossa and temporarily retracted to avoid injuring the gland during the osteotomy. Finally, a narrow osteotome is placed along the anterior border of the cribriform plate at a 90˚ angle to the frontal fossa. A few gentle strokes with a hammer will detach the osseous portion of the nasal septum bar from the nasal vault.
Before the osteotomies are performed, the medial canthal ligaments are detached from the sites of their insertion in the bone by using periosteal elevators. The ligaments are later wired into position with 28-gauge wire. The globes are retracted laterally ( Fig. 2A) . If the cribriform plate is not involved with the pathological entity, preservation of olfaction can be attempted by using a circumferential cribriform plate osteotomy as described elsewhere. 35 We use stereotactic navigation (ISG Viewing Wand; ISG Technologies, Inc., Mississauga, ON, Canada) in all tumor surgeries. A medial canthopexy needs to be performed while the frontonasoorbital bar is reassembled. Two small holes are drilled on top of each other, immediately behind and above the lacrimal fossa (Fig. 3A) . Two 28-gauge wires are threaded through the drill holes across the upper nasal vault. Next, the frontonasoorbital bar is attached to the remainder A: Two 28-gauge wires are passed across the top of the nasal vault through two small holes drilled immediately behind and at the cranial rim of the lacrimal fossa. The wire ends are fed through the skin through an 18-gauge needle. The wires are then passed from the inside outward through needle punctures placed above and below each medial canthal tendon (purchase sites are labeled a, b, c, and d). B: The skin bridge between the wires is cut with a No. 15 blade without damaging the medial canthal tendon, which lies subcutaneously. The pair of wires on the right is twisted four times in a clockwise direction by using a needle holder. C: The Tessier wirepasser awl is used to press against the overlying soft tissue, and a needle holder is used to place continuous traction on the contralateral wire pair while the wires are tightened. While the wires are pulled tight, the contralateral pair of wires is twisted clockwise four turns. The Tessier wire-passer awl is then removed, and the untwisted ends of the wires are trimmed. D: A hemostat is used to bury the twisted wire ends in the subcutaneous tissue. The skin bridges are closed with a single subcuticular stitch using 5-0 absorbable material.
of the facial bones with miniplates and screws. The wires are tunneled through the skin above and below the medial canthal tendon located in the subcutaneous tissue. This maneuver is performed using an 18-gauge needle to perforate the skin above and below the medial canthal tendon from the outside in. The top wire is tunneled through the upper skin perforation, and the lower wire is tunneled from below the medial canthal tendon (Fig. 3A) . This procedure is repeated on the contralateral side.
On each side the skin bridge between the two wires is cut in a curvilinear fashion by using a No. 15 blade. The medial canthal ligament, which is located subcutaneously, must not be cut. A needle holder is used to twist the two wires on one side clockwise four turns (Fig. 3B) . The Tessier wirepasser awl is threaded over both wires on the contralateral side, and the wires are pulled while the awl is pushed against the bone at the contralateral side (Fig. 3C) . The wires are buried within the subcutaneous tissue. The small skin incision is closed using a 5-0 monofilament suture (Fig. 3D) .
The surgical defect, dura mater, and skull base are reconstructed using local or, if needed, distant vascularized flaps, fat grafts from the abdomen, fascia lata, and split calvaria autografts. Rarely, foreign material in the form of bone cement or titanium mesh is used. If the risk of CSF leak is high, a lumbar or ventricular drain can be placed.
Results
Altogether, 23 malignant and 18 benign lesions were treated. Twenty-seven lesions had both extra-and intradural components. As evidenced by postoperative magnetic resonance imaging of the head and by the surgeons' intraoperative inspection after tumor resection, gross-total resection was achieved in 30 cases. Subtotal (Ͼ 95-99%) resection was attained in seven cases, partial (Ͼ 75-95%) resection in six cases, and debulking (Ͼ 75% resection) in one case. Additional approaches were needed in 18 patients to resect residual disease and to perform an extracranial-intracranial bypass when necessary. Twelve additional approaches were combined in the same setting and six were staged.
For the combined approaches, a transfacial procedure was added to resect a lesion that was located more laterally in the upper corners of the maxillary sinus. Sixteen lesions had a significant extension to the maxillary sinus and lower nasal cavity. In 10 of these cases, an additional transfacial approach was needed to remove the tumoral extension. In six cases the tumor was removed completely from the maxillary sinus and nasal cavity under direct microscopic visualization via the transcranial exposure. Anterolateral approaches were added for diseases involving the middle fossa, infratemporal fossa, or cavernous sinus. Eleven procedures were performed for recurrent or progressive disease despite previous therapy (Fig. 4) . One patient underwent two repeated operations, and another patient underwent one additional operation through the same approach. Periopera- and coronal (center) images revealing a locally recurrent adenoid cystic carcinoma involving the sinonasal cavity. The tumor had initially been resected 9 years before the current presentation. A radical transbasal approach was performed as a salvage treatment. Tumor invasion of the periorbita was not observed intraoperatively. The eyes were retracted laterally to increase the craniofacial corridor to facilitate circumferential resection of this extensive lesion. A vascularized free flap was placed to obliterate the dead space. Right: Postoperative sagittal image demonstrating significant compression of the frontal lobe by the free flap. The patient was lethargic but recovered fully without the need of debulking the free flap after 1 week of conservative management.
tively, lumbar drains were inserted in 20 cases and external ventricular drains in 13 cases.
There were three surgery-related deaths (6.8%, defined as death Յ 30 days of the procedure or during the same hospitalization). Surgery-related complications occurred in 26 cases (59.1%, Table 2 ). After surgery, no patient experienced a decline in vision, which could have been caused by lateral retraction of the globes. By adding a cribriform plate osteotomy in selective cases, olfaction could be preserved in most cases. 8 The mean hospital stay was 14.1 days. Thirty-eight patients were discharged home. Four patients went to a rehabilitation facility, and two patients required transferral to an extended care facility after discharge.
The mean postoperative KPS score was 82.5 (range 0-100). Based on a comparison of the pre-and postoperative KPS scores, 38.5% of the patients improved, 47.9% remained unchanged, and 13.6% were worse after surgery. Long-term follow-up review (mean 40.2 months, range 1-108 months) was available in all but one patient.
Discussion
The radical transbasal approach can be considered the most extensive variation of a transbasal approach. The orbital rim, orbital roofs, medial orbital walls, and nasal bone can be removed as described in other extended forms of the transbasal approach. [1] [2] [3] 5, 9, 10, 12, 13, [16] [17] [18] [19] 21, 22, 25, [27] [28] [29] [30] [31] [32] [33] [34] 36, 38 Nevertheless, the radical transbasal approach offers a wide corridor into the sinonasal complex by including osteotomies of the lateral orbital walls bilaterally, thereby facilitating lateral retraction of the globes (Fig. 2A) . We have not noted any decline in vision related to retraction of the globes laterally, a maneuver thought to be hazardous to the orbit and optic nerves. 30 We believe, however, that sectioning the lateral orbital walls makes it safer to retract the orbital contents laterally by minimizing retraction pressure exerted on the orbital contents (Fig. 2) . Furthermore, better surgical visualization and access to the maxillary sinuses, which is more limited in the transbasal approach and in its extended modifications, 23, 30 can be gained. Lesions with extension to the upper lateral corners of the maxillary sinus, cavernous sinus, infratemporal fossa, and dorsum sellae require additional exposure through transfacial, anterolateral, or lateral skull base procedures. Such exposures were needed in 18 of our patients. Midline lesions that have an epicenter within the middle or lower clivus without an intradural component are best resected through a transfacial approach. The transbasal approach and its variety of extended modifications permit access to pathological entities in the lower clivus and foramen magnum; 6, 14, 36 however, the working distance to this area is long. Thus, a transfacial approach allows a more direct approach to extradural lesions in the middle and lower clivus and the ventral craniocervical junction through a shorter working distance.
Our surgery-related mortality rate of 6.8% (three patients) is consistent with outcomes in other series of anterior craniofacial surgery. 4, 20, 26 The rate of complications associated with this procedure was high (59.1%). In most series of anterior craniofacial surgery, complication rates have ranged from 30 to 50%, 4, 7, 24, 26 but the rate has been as low as 6% 15 or higher than 70%. 11, 20 Our high complication rate may reflect the extensive nature of the diseases we treated, as exemplified by the 27 patients who required intra-and extradural dissection to resect their lesions. The extensive dissection likely contributed to the most common complication, CSF leakage. In our series the incidence of cerebrovascular accidents was high. This complication reflects the extensive association of the tumor with major arteries located at the skull base as well as with small perforating branches of major arteries leading to iatrogenic vascular injury during dissection in the subarachnoid cisterns. A postoperative blow out of the carotid artery also occurred in one case. At follow-up examinations, however, most patients physically remained the same or experienced improvements in their symptoms, as seen in the comparison of their pre-and postoperative KPS scores and long-term follow-up clinical evaluations.
Conclusions
The radical transbasal approach, which consists of a bifrontal craniotomy with a frontonasoorbital osteotomy that includes the orbital rim, medial and lateral orbital walls, orbital roofs, and nasal bone, opens a wide midline craniofacial corridor. It thereby enhances the surgeon's access to the orbits, sinonasal compartment, and skull base. In particular, there is improved surgical visualization of the upper maxillary sinus area, which is considered a blind spot in transbasal and extended transbasal approaches.
Midline skull base tumors can be resected aggressively by using this approach. The complication rate is high, but permanent clinical deterioration is rare. Patients who harbor an extensive midline skull base lesion with a primary extradural component, with or without an intradural extension to the anterior skull base, are good candidates for this procedure.
